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IGY GRAVIMETRIC STUDIES AT POLISH ANTARCTIC bTATIOQ ﬁ %

. o
[ Foliowing is the translation of an article by Zbignlew (QF
Zabek and Janusz Sledsinskd in Geodezia i Karlografis :
{Geodesy and Carta"r”pbv Vel TX, Yo 3/“ Wavsaw,

July 1960, pages 197-207)

Petween December 1958 and March 1959, a gravimﬁtfx ¢ Tink was
established between Warsew and the A. B. Dobrowslski Station in
Antarctica as part of the Antaretie expedition organized by the IGY
Oommission of the Presidium of the Polish Academy of Scieneces. The
measurements were made bty the anthors of this article, m9|b@?$ of the
staff of the Department of Advanced Geodetics of the Wﬁrm&w Pelytechnic.

1) Descripticn of Polnis Linked

The gravimetric point situated in the sravimetrie laboratory
‘of the Deperiment of Aﬁv“nﬁ&& Geodeties of the Warsaw Polytechnle,
Plas Jednoscel Mobotnlezed 1, war~aw was taken as the initial link
point. The coordinates of thi Qozmt are: '
: = 5?015 3N
ﬁ«_, ?-“{)ﬁe Fl! E
o= 114,5 n Wpm
The point is one of the wa in pendulum points in Poland; the
value of acceleration due to gravity in the Potsdam system is
eurrently best known in it. . ,
The point established at the A. B. Dobrowelski Statien in the
Bunger Casis in Antaretlica was stabilized by welling up 3 pole in
the lobby of the selsmic vavilion. The pol» is set in a rock and .
rotrudes 13 centimeters above t%@ fiac Tts cocrdinates ars:

9n 66516
A= 10!'"3’&* 5 cm
H = ,J.f-l-_m npwn
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3) Observatione

°

In carrying out messurements betwesn such distant points,.
spesial attention had toc be given to the following: 1) The matter
of appropriate transportation of pendulums, 2) The problem of
achleving similar observation temperatures in both stations and
applying thermal ecoefficients appropriate for the prevailing
temperatures, and 3) The matter of developing an appropriste method
and observation program which would properly solve the problem of
the Time Service, .

The penduluns were custom-packed for transportation with
pnewmatic cushions amortizing all vibrations and shoeks.,

Talting inte consideration the low temperatures szt the stz
tion chosen in Antaretica, the temperature of the observation sta-
tion in Warsaw was lowered Ly opening windows two weeks prioy to
the start of observation. On completion of link cbservations, a
special series of observations was carried out to establish thernal
coefficients, '

' Forseeing difficulties in the reception of time slenals in
Entaretieca, an observation program was adopted which permitted the
deternination of pendulum pericds directly on the basis of radio
time sipnals, even in the case when this sienal was available only
once every twenty~four hours, Measurements were made in sets of
four observations of pendulum swing pericds. Bach set of observie-

tionz lasted tweniy-four hours. The intervals between the individ-

ual observations in a set were approximately 20 seconds. 4 set of
chservations carried out on the basis of some basic time signal had
to register this time signal at lesst at the beginning and at the
end. Registrations within a set could use other radic ime signals
or even a contact chronometer, which did not influence the zeauracy

3
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of determination of a mear periocd for the whole series in the time
vnits of the basic signal. Apart fyrom thls, observations at both
stationg should he carried out using time signals of ot least one
common radio shation, ' _

The following number of sebs of observations was carried out
at the stations linked: ' _ A

Lt the initial point, Warsaw, two indeperdent sels of observa-
tions lasting six hours each were carried out before departure
(Warsgaw I) and wpon returning (Warsaw II) using time signsis broad-
cast by the DIZ radio station of the Geodetiecal Institute in Potse
daw, coxmpared simulianeously with CBR, ROR and FYP signals;

bt the designated point in Artarctica, three sets of observa-
tions were carried out using GBR,.RPF, RWM, ROR and TQC time signals,
The duration of the individual observations, depending on the
program of the time signals received, amounted to from four te
elpht hours, keeping the mean duration at six hours (Table 2 rep-
resents a detailed list of the observations cavried out).,

‘ In this way, periods were obiained at both stations refer-
ring to the same three time signals of GBR, ROR, snd FYF (TQC sige
nals sre broadeast from the same elock as ¥YP signals). RPT and
RWM sienals were considered as an additional control factor. The

reception of a number of different signals is also of impertance
in this essze vecavse of the well-known phenomenom of delayed time
signals. .

111 observations were carried out with a 15" initial
amplitude and alr pressure under the bell at 10w of mercury.
The mean observation temperstures at the stations were the follow-

.
inge

‘Warsaw I + 7.5°C
Antarctica + 3,69C
| . Warsaw IT 4+ 9.2°C _ .
All observations were carried out in a magnetic field com-
pensated in the vertical direction., The intensiiy ¢f the vertical
‘component of the field was 0.41 Oe at the Warsaw station and 0.64 Oe
at the Antarctica station. The magnetic compensation apparatus
used ensures compensation in the area enclesing the pendulums with
a 1% accuracy.

4) Corrections of the Periods Observed
Correction of the pendulum periods observed was carried out
taking advantage of the knoun characteristics of the apparatus
which we determined in past years. The following corrections were

introduced: v ,
Lo, 1. Reduetion to an infinitely small zmplitude:

4
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+ UK
where: is the initial amnlztuﬁﬂ of the pair of pendulums in
minutes %f arc
1., Lhe final amplitude of the palr of pendulums in
minutes @f arc,
A is the empirically determined coefficient for the given
apparat is

( - 0.0312 to. 017} % 10"7 C,

The error of the reduction coefficlent arvlied was
reflect2d in the differencs in Warsaw and Antarciica veriods
aceordiag to the formula:

to. OPlVIQé
(vharﬁ z&& is the mean difference in squares of amplitudes at both
stations), and amounts to:

Py = - Y 0.03 x 107 7 Set.

4o 2o Correction due to temperature aceording te formula:
Ay = (b - 15C) + &gyt

where: t©  1is the mean observation tempersture
At is the change of tempersture per hour
9{ and ‘2213‘ are empirically determined coefficients,

Thermal eoefflcicnt for the apparatus were baling detsrmined

atic37]é since 1955 from observations at temperatures rang

3pﬂ Pron + £6°C to + 35°C, On completion of the observations of
thd Warsaw-Antarctica link, the determination of the thermal

CQeffLuuenf was repeated, using temperatures ranging from -7°C

to + 35°C; this is a range which encompasses the temperatures of

obsarvations of the link. Table 1 represents the results cbiained.

£

Table 1

Year | e, . @, O{average @y

| 1955/56 2so+~uue1~-1sa LOU%'~ 2394004 124
1957 | -2,54+0,05; ~1,76+6,05] ~2,16 50,06, 25104
1958 A~2j7i0ﬁ5!mlﬂ4t0ﬁ§ —2,16 41,95 -
1959 § —&481092§m1£9i0ﬂ2 —218‘0ﬂ?.

i
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The stability of coefficient '?dxmr 5 8 ,c,nrau"fe factor,
Coeffictents from the last determination were used for COV”&?tLON
of link observaticns, The error in the difference of periods Wotw
saw and Antaretics, consicering the thermal correction enrried out,
anownts tos

= T 0.6
m.;iw ...,, - Ooog &t«'r

oy
o
7
(5]
w3

Where A tyy is the difference of mean tlemperatures at the statio
linked,

[

mt = ¥ 0.09 x 1877 sen

ke 3. Reduction to zero pressure was earpied out according
to formla:
Y wa Yo
ATy =kid + ky y/d
d = b
L+ 0.00367 ¢
where b 1is the pressure in the bell in mm of mercum Vs
t is the air temperature in °C,
ey, ks are empirical coefficients determined from observations
. [

urder pressures of from 5 to 760 mn of METOUrY
) by = {=0.793 ¥ 0.003) 10 7 see

k? = (b L; Eo.o '“’) "U} sec.

The error of the difference in Warsaw and Antarctica pericds,
due to the reduction carried out, amounts to

R B 5
mg =t y/e,oog""' Ad° z 2

+ 0,007 (& Wy
where Ad 15 the d'x,u grence of the mean pressures at the stations
Yinked, v

AVZ i5 the mean difference of the rosts of pressure
me =T 0,01 x 1677 sec

I, 4, The correection due to the changing influence of the
moon and the sun was ealeoeulsted using formulse;

6
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- 0.136 (3 cos2z 1) ¥ 1077 seéc,

it

ATy
ATy

i

- 0.062 (3 coszz-1) x 1077 see.

The values of this ecrrection are within the limits of Trow

«0.1 x 10~7 seconds to + 0.2 x 107 seconds, and the error m, of its

determination is smaller than ¥ 0.1 % 107/ seconds. £

The correction due to the common vibration of the fulerum was
not included in the ecaleulations. Good agresment of the p?riﬁdu of
individual pendulums (withiy limits of 107 seconds) and good stabil-
ity of the fulerum (s = 10'6 seconds) permitted neglecting this cor-
rection, ujnce the error mg arising from this is smaller than
+ ¢,.1 x 10-7 see. :

The correction due to the movement of the observation clock
at the Warsaw station was determined from the comparisons of the
DIZ working signals with GBR, ROR, and FYP signals: the corrsction
obtained for all observations was equal to zero, with an accuracy
of + 0.1 x 107 seconds. At the Antarctica *ta+ion the perinds
detprmlned on the basis of individual time signals are shown on
Table 2, determination of the corrections A Te being due to the
working of individual clocks and errors in broadeasting of time
signals. On the basis of the & Tw corrections, the error in the
station mean in reference to the mesn clock was evaluated as
+ 0,12 x 10™ -7 seconds. Ta king into consideration the above errors
%n raductions due to the working of clocks and broadeasting time
signals, their influence Mg on the difference of Warsaw and Ant-
arctics pericds was evalvated as + 0.2 x 107 ~7 see.

5) Resu J1ts and Analysis of Accuracy

The corrected period of the pair of pendulums is shown on
Table 3, similtansously giving average temperature and pressure.

From the agreement of rosvltu, the mean error in the single
measuremsnt of the period for a pair of pendulums was caleulated as

g
-+ P T .“"'7
Mo =21 0,76 x 10”7 sec
and for the mean pendulom

'
A&a_ T 0.70 x 107 ses,

7
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Table 2
Tuble of the Reduced Periods in Units of Recelved Time Signals

\Location Antarctica T = 0.495 24

73
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The erm“””m 5 made wn ol random orror A errs srod cownorn
in the piven observation to both pairs of yﬁnﬂuahms witich we esll
the spstematic part of the error ] . From the relations

= T 02 x 1077 sec, o=t 060 % 2077 see,

The mean error in a single mesasurement for a pair of pendulwns
wae arrived at from the aﬂal*sis of the relative chenges of the
pendulum periods during observa +1a“b of the link (that is, from the
aralysis of the differences & = T1.3 = Toy)e

;f!;m i' 0.60 % 10"‘? sae

‘ Because A iz Sree from the cormon error of both pairs of
pendulume &° , the influence of this error was taken inte account
when caleulating the mean error for the station mean ¥, with the
resulby

' v fm® % . w2 _ 4 .
for the VWarsaw station! My .. = e+ & =2I0,27 % 10 7 cen
' ' 16
for the Antareticz station:;
e Py -
Mapt = /70l 4 &0 =+ 0,22 % 1077 see

21 1z

The analysis carried out above pernits the statement to be
made thet there was good stability of pendulum per*od during the
obgervation cyele carried out.

An dmportant criterion in evaﬁuan;n& the accuraey is thsz
agresmant of pendulum period on return to thm same location. In
this case, the time interval between cbservations at the linked
peints is quite 1ong,‘and a question may arlse as to whethor the
agreement of Warsaw I and Warsaw IT periods is not just soimecidental,
Comparing these valuee with the mean pericds of obcervatianu carried
out at the Warsaw leocztlion for ssveral years:

in 1957 Ta = 0.4955 509.8 seconds
in 1958 507.3
Warsaw T (link with
Antarctica) 510.6
Warszw IT (Link with 09,0
Antaretica) 509
9
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in 1959 : 508.0,

e

it is spparent that the yearly change in pendulum periods is only
slightly greater than the difference between Warsaw IT and Warsaw T
periotis. - This difference may thérefore be used to evaliuate the
accuracy of a precise mezsurement by 2 method independe: mf the
analysis formerly carried out.

From the station means of pendulum pair periods and of the
mean pendulum obtained, the difference in acceleration due to gravity

between the linlked moznt was caleulated according tc the formula

. el ~ i B b
[ Wewa=Warsaw | Tizwwa 2 . Aot )

The resvlis are shown on Table &4,

Table 4

f & : ; Ay mgal
Station Ty gsek. Ty T Lo _.,?ﬁrw . _
o ! ‘W’.. -3 p 24 v ldrerage v
arsaw I 49&;55$2 060 106

Artorctica 04952 4504 752 | 178[120415 £0.321202,15 40,22, 1202,15
0,3

farsaw TT 04955 5110 m&jwe 1261,28 055 1201,75 &%gmmﬁ’

¢

i
] ’ | Ag. * 1301 83"
Ma’a Lz T m————

;
:
}
+0,32]
]
1
]

murniur to the eva Tuation of the acouracy of the ealenlabed
difference in acceleration, its mean error, ag Was determined on the
hasis of:

1) The analysis of the reduced periods and reduction errors

m, A

(é T‘.’\;...,Y'Fa -1”}1 (Tﬂﬁ? - TW‘**'WE)

2, 4.2 z 7z A Z 2 24 2
? =T 0.4 M4 o M + 4.+ + + + 4
g = = 0 7/35»; 2 i Tma Tmt Tmd Tmg Tmg Tay Ty
. mgal
where MA L M m are the meap station errors in units of
1077 seconds : - are mean correction
}’ﬁ":rr mts ”F’fd mg* ”psv ml}

5

errors in wnits of 10" &econds &ﬂd}ﬂy iz the systematic component
of the compensation error at one location, obtalning

Eﬁg@ T . O 18 mg al ~
2} the divergence of results g shtained from pendulum

pairs”E? - 0,21 mgal )

10
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3) the divergence of the mean result of the observations
"there® and "back":

o+ .
g = - 032 mpgal

The excellent agreement of the results of analyzes undertaken
should be emphasized, ss 1t 15 a basis for aceepting the error,
specifylng the aceursey of measuremsnt as ¥ 0.3 meal. Thereby, the
end result of the measurements may be given zs

o] ) . n + "' "
gﬁmt ”%’Mmm = 4+ 1201.8 mgal o 0.3 mgal.
The acceleration due to gravity in the Potsdam system
% Pots = 281 274,0 mgal

riven by the Institute of Geodesy and Cartography for the initial
g N g X
point Warsaw amounts o . ~

Cj.,{&’,m = Q81 236.6 mgal

. - N . & -

The accuracy of this value may be accepted ag 7 0.15 meal;
thercfore, the acceleration due to gravity in the designated point
in Antaretics related to the Potsdam system amounts to

. - - |
%’Amt = 982 438,4 mpal I 0.4 mgal.

Taking into ascount the free air corrvection, we obtain an
asceleration reduced to sea level

%‘O = Q82 49,3 mepal

and a free air (Faye) anomaly in relation to the normal acreleration
acecording to the formula of 1930 '

%e"b’a:" + 68,5 mpal.,

Tsking into consideration the execellent conditions undar
which the observatlons were carried out, it can be said that the
high acouracy obtained corresponds to the accuracy obtalned with
this apparatus when measuring the basie pendulum network in Poland.
The newly-designated point at the A. B. Dobrowolskl station ean bhe
one of the prinecipal points of the gravimetric network of Antaretica
algo from the point of view of ite stable location on roeck: this is
of basie importance under Antaretica conditions.

10,024 - END =
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